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Design for Test ability i n  3-Dirnensiona.1 Assemblies 

Abstract 

SDANN, a 3D mixed-mode  nwlt,iple IC stxkecl processor capahlo of 1 'I'eraOPS, 
presented mally novel problems  related t,o test,ability. This  paper will discuss the design 
process for 3DANN and the test fctatures devt:loped to  overconle the 3D test2ahility 
probltrrns. Test structures  and  circuits were tiesigned so that, every componcnt in each 
IC can 1 ~ :  tested even when lhe slack is fully x m m b l c t l  which  makes individual ICs 
arc difficult, to reach. Many of t,llese pro1)lt:rrrs are inherent i n  31) stacking and must 
he solved. 

1 Introduction 

2 Test Structures for 3D 

1 



3 VIGILANTE  and the  3DANN processor 

‘\IIGIL,UTE is an  i2ut80matic  Target  Recognition syst,em t,hat uses image-template corre- 
lation as a part of it,s core algorithm. It performs a c:ortvolut,ion of sist,y-four 64x64 &hit 
digital  t8emplates cvit~h an incctrlling ‘156x256 image a t ,  video  frame-rates o r  better. In convolu- 
tions  alone,  this c?yuat8(?s to over -1 TeraOPS, a computation rate that is orders of magnitude 
grmter  than  what sequctnt,ial processors can d o .  To achieve that  speed, .JPL designed a 
rnixeci-mode processor  called 3DANN.  3DANK takes irr  a, 64x64 8-bit  digital  sub-window  of 
an image  and convert,s it t,o analog. 3DANN then pcrforrns four-quadrant  rnultiplica,t~ion of 
every  element in the image and  templates in parallel  to  comput,e  sixty-four  dot-products. 
The  entire  multiplication  and  accumulation is done  using  currcnt-mode  circuit,s [l]. 

3DANN consists of four  distinct  functional  blocks, as illustrated in Figure 1. The  digha1 
input  and cont>rol  logic, t,he bias  block,  which  sets  the DIZC’s seed current,  t,he  image Dd4C 
arra?:, and the  multiplier  section, which stores the templat,cs digitally arid cont,airts all the 
hybrid  multipliers. The  int,ernal logic of the cubo is simple,  and much of  thct functionality of 
the  digital  section of t,he  cube is ext,ernally  controlled. Thct cube is asst.ml)ld by stacking and 
gluing sixty-four  individual ICs toget)h{tr. 1nterconnc:ct is accomplished  by  ~)hoto-lit,hography 
along  one  side of the  cube. All analog  and  digital  input  and  outputs are bussed toget’her 
save one  unique  digital 1/0 p i n  per IC. The  cube is then  directly  wire-bondttd to  support 
circuitry. 

4 Test Structures and Procedures for 3DANN 



Figure I :  A simplified  block  diagram of the 3DAXX Processor 

o f  sixty-four to  test  the  cube.  Conlplicat,ing  this effort  was the  fact  that t ,ht t  cube was T / O  
pat1 limited  due  to assernbly  requirements. The same pads used for T/O had t>o he used for 
test as well. Car(: had  to  he used whc?n choosing which ant1 how to rnultipl(ts  normal I/O 
and  test  signals. 

4.1 Digital 

The  digital section of the IC consists  mainly of a large bi-directional shift, register  used 
to  receive data  which can  then  be  directed to the  various  control  registers, DAC values, 
nlultiplier  values,  and/or  hias  values. This shift  regist,cr  can  also read data from w e r y  
cont,rol  register, DL4C value,  mult,iplier value, bias  value as well the conth-ol logic's  int,ernal 
stat(:, and  output  dat,a back to the  outside world on the  same pin  used for input.  Every 
effort was nlatfe Lo rrlake every  writahlc  value  readable as well for lOO'i: visibilit,y. 

Standard  memory  t,ests are used to  t8est  t,hc  digit,al  section  hcginning  with  the  nlost,  critical 
components  and  working  towards  least  critical.  First  the  shift  register is tested.  Thc regist,er 
is filled wit>h known  values and  t,hen rctad back  out, and verified. Once  the shift  register is 
v(:rific:d as operational, every rrlenlory location is verified. 

4.2 Analog 
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5 Conclusion 

The 3DrZNN processor  drtmorrst~rat~es that, it is possible to design  for  t,est in projects  with 
limit,ed  access t , o  IC  int,ernals. The IC was designed and  fabricated  and  all designed-in  test 
st,ructures were satisfactorily d~trllonstrat,c!ct. bt'hile each  design  may be  different, all ICs  can 
be designed t o  iw testttd  from  only  its  pads and in conjunction  with  the  other ICs in the 
stack. Design for test h;ts t o  approached  wit,h  special  consideration  and care for 3D stjacks. 
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